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BONDED VEHICULAR GLASS ASSEMBLIES UTILIZING TWO-COMPONENT 
URETHANES. AND RELATED METHODS OF BONDING 



The present invention relates to bonded vehicular assemblies comprising glass and 
other materials that utilize a two-component urethane adhesive to bond dynamic load-bearing 
attachment members to a panel surface to form a joint suitable for use in a vehicle. In 
addition, the present invention provides methods of bonding vehicular glass assemblies 
utilizing the class of adhesives described herein. 



Vehicular glass assemblies, particularly large movable van windows, often have one 
or more components such as hinges or clevises affixed to the glass panel. When such 
assemblies are installed in vehicles, the assembly components and affixment means are often 
subjected to highly localized loads including dynamic loads, resulting from road vibration 
and opening and closing of the glass assembly. Therefore, original equipment manufacturer 
(OEM) specifications, utilized by most automotive companies to ensure that components 
supplied are suitable for use in vehicles, have required that components affixed to vehicular 
glass be able to withstand relatively high loads and severe vibration. At present, the primary 
method by which to attach such components that meets OEM specifications is by mechanical 
affixment of the component, e.g., hinge or clevis, to the glass panel. Typically, such 
mechanical affixment requires forming one or more holes through the glass panel, inserting 
component fasteners, and then mechanically attaching the components to tlie glass via the 
fasteners. In some applications involving wrap-around hinges, the formation of holes is 
avoided by positioning the hinge over a portion of the outer edge of the glass panel and 
clamping the hinge to the panel by use of one or more fasteners. 




FIELD OF THE INVENTION 



BACKGROUND OF THE INVENTION 



Neither of these approaches is entirely satisfactory in that each is relatively expensive 
due to the significant amount of time and labor involved in drilling holes and inserting or 
clamping fasteners, notwithstanding the cost of the additional fasteners or clamps. 
Moreover, mechanical affixment of components to glass necessitates the use of a mounting 
member or fastener on the opposite side of the glass from which the component is residing. 
This is undesirable in terms of both cosmetic appeal and resulting aerodynamics if the 
mounting member or fastener projects from the exterior surface of the glass panel, 
particularly as automotive designers strive to improve vehicle aesthetics and aerodynamics 
such as is useful, for example, in flush glazing of vehicles. 

Single-component urethane adhesives have been used as a window fixing adhesive to 
bond glass panels to an automobile body and for mounting glass mounting members. Such 
adhesives have also been used to attach studs, mirror mounting buttons, and the like to 
automotive glazing. As known to those skilled in the art, a single-component urethane 
adhesive utilizes a highly prepolymerized isocyanate-rich urethane (typically formed from 
reacting an isocyanate with a polyol) typically mixed with an isocyanate (usually a polymeric 
isocyanate). The adhesive initially "sets" and finally "cures" when exposed to moisture in 
the air which causes the isocyanate moieties to cross-link with the urethane prepolymer(s) via 
a urea cross-linking reaction. The process usually requires several hours for the adhesive to 
set and several days for a complete cure to be effected. Such long set and cure periods 
present challenges when used in high production rate processes, such as automobile module 
assembly, because curing of the system typically requires temporary or permanent fixturing 
of the glass or mounting member(s), thus adding cost and extraneous equipment to the 
manufacturing process. Curing of single-component urethanes may also require the use of 
humidity chambers, and in certain cases, the addition of heat to accelerate bonding which 
further adds cost, time, inventory, handling, and complexity to the manufacturing process. 



Additionally, single-component urethanes, when employed as a window fixing 

adhesive, limit the range of applications of the resulting vehicular glass assembly. Such 

bonded assemblies are typically utilized so that only a relatively low load or stress occurs in 

the adhesive material or at the bond between the glass and the adhesive. Cured, single- 
5 component urethanes often cannot withstand highly localized loads or high stresses, 

particularly at extreme environmental conditions such as high temperatures, exposure to 

moisture, and vibration. 

In another respect, single-component urethanes are not entirely satisfactory for 

forming bonded glass assemblies, since single-component urethanes may induce stresses on 
10 the glass upon curing. Such stress increases the likelihood of glass fracture upon application 

of additional external forces or other stresses thereby rendering such adhesives unsatisfactory 

for forming joints in dynamic load-bearing applications in a vehicle. 

Two-component urethane adhesive systems have been used for bonding fixed vehicle 

windows, such as windshields, for certain after-market applications. The term "two- 
15 component system" refers to urethane adhesive systems in which the isocyanate and polyol 

components are kept separate from one another until just prior to bonding at which time 

those components are mixed together and applied on the appropriate surfaces for bonding. 

Upon mixing the two components, a full urethane polymerization reaction occurs. The 

problems encountered with two-component systems currently recommended for after-market 
20 applications are that such systems are still relatively slow, typically requiring about 1 hour to 

set and about 3 days to cure, and result in a relatively weak initial bond that does not reach 

full cure properties for days. 

At present, the automotive industry lacks a method for securely attaching load-bearing 

components, and particularly dynamic load-bearing components, to glass window panels that 
25 meets OEM requirements, is aesthetically appealing, is economical, and which avoids the 



numerous drawbacks of utilizing mechanical attachment methods. Prior art suggestions and 
attempts have not resulted in any commercially successful two-component urethane adhesive 
that is suitable for bonding hardware components to glass panels for use in vehicles, 
particularly for bonding hinges, clevises, and similar attachments typically utilized in large 
area movable windows, such as those found in automobiles, minivans, sport utility vehicles, 
trucks, and buses. 

SUMMARY OF THE INVENTION 
In the present invention, a vehicular window assembly suitable for use in a vehicle is 
provided comprising a glass panel, an attachment member, and a layer of a rapid set, rapid 
cure, two-component urethane adhesive. In another embodiment, the present invention 
provides a vehicular panel assembly also suitable for use in a vehicle, the assembly 
comprising a glass substrate, an attachment member, and a layer of a two-component 
urethane adhesive including an isocyanate component and a polyol component that form a 
joint suitable for use on a vehicle. The present invention also provides a moveable window 
assembly comprising a glass panel, an attachment member, and a layer of a rapid set, rapid 
cure, two-component urethane adhesive disposed between the panel and attachment member. 
In yet another embodiment, the present invention provides a window assembly comprising a 
glass panel, an attachment member, and a layer of adhesive disposed between the panel and 
the attachment member, in which the adhesive is capable, upon curing, to form a bond that 
can withstand a tensile force of at least 5 lbs/in^. The present invention also provides a 
hinged vehicular window assembly comprising a glass panel and a hinged mounting member 
that is bonded to the glass panel by the rapid set, rapid cure, two-component urethane 
adhesive. The present invention further provides a movable window assembly comprising a 
glass panel and an attachment member bonded to the glass panel by an adhesive comprising 
an isocyanate component and a polyol component. Moreover, the present invention provides 



a positionable sunroof, a movable door lift window assembly, a liftgate window assembly, 
and a sliding window assembly all utilizing the adhesives described herein. 

The invention also provides a method of adhering an attachment member to a glass 
surface comprising, in part, depositing the rapid set, rapid cure, two-component urethane 
adhesive between the attachment member and glass surface and allowing the adhesive to 
cure. In another embodiment, a method is provided to adhere an attachment member to a 
glass substrate having a frit layer formed on die glass substrate, by use of the rapid set, rapid 
cure, two-component urethane adhesive. 

The previously described assemblies meet or exceed OEM requirements and can 
withstand highly localized loads when installed and subjected to typical use in a vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section of a vehicular window assembly comprising a layer of glass 
bonded to another material by a layer of: a preferred embodiment adhesive described herein; 

Fig. 2 is a perspective view of a preferred embodiment movable vehicular window 
assembly mounted as a side window in a vehicle; 

Fig. 3 is a side elevational view of an exterior surface of the vehicular window 
assembly depicted in Fig. 2; 

Fig. 4 is a side elevational view of the opposite, inner surface of the vehicular 
window assembly shown in Fig. 3; 

Fig. 5 is a perspective view of a mounting component bonded to a glass panel by a 
layer of a preferred embodiment adhesive; 

Fig. 6 is a cross section of the assembly depicted in Fig. 5; 

Fig. 7 is an elevational view of a window panel having a perimeter gasket bonded to 
glass substrate by the preferred embodiment adhesive; 

Fig. 8 is a cross section of the window depicted in Fig. 7 taken at line VIII- VIII; 



Fig. 9 is a graph of maximum torque values measured for a most preferred 
embodiment adhesive and various single-component urethane adhesives that were tested; 

Fig. 10 is a graph of shear values versus cure time for the most preferred 
embodiment adhesive; 

Fig. 11 is a graph of shear values versus cure time for a conventional single- 
component urethane adhesive; 

Fig. 12 is an elevational view of a vehicular side door illustrating a movable vehicular 
glass assembly, lift mechanism, and a fixed vent window assembly; 

Fig. 13: is a cross-sectional view of a first embodiment of a lift bracket bonded to a 
glass panel by a layer of the preferred embodiment adhesive; 

Fig. 14 is a cross-sectional view of a second embodiment of a lift bracket bonded to a 
glass panel by a layer of the preferred embodiment adhesive; 

Fig. 15 is an elevational view of, the, fixed window assembly depicted in Fig. 12 
comprising a rail bonded to a side of a glass panel by the preferred embodiment adhesive; 

Fig. 16 is a cross section of the assembly depicted in Fig. 15 taken at line XVI-XVI; 

Fig. 17 is a side view of a vehicular glass assembly comprising a guide pin bonded to 
a glass panel by a layer of the preferred embodiment adhesive; 

Fig. 18 is an eleyational view of an alternate embodiment for a movable vehicular 
glass assembly and lift mechanism comprising a plurality of lift brackets bonded to a glass 
panel by the preferred embodiment adhesive; 

Fig. 19 is a plan view of a vehicle having a sunroof that comprises various 
components bonded to a glass panel by the preferred embodiment adhesive; 

Fig. 20 is an elevational view of a glass panel suitable for fixed mounting to a 
vehicle, wherein the panel has a plurality of mounting components bonded to one of its 
surfaces by the preferred embodiment adhesive; 



Fig. 21 is a perspective view of a portion of the panel depicted in Fig. 20, illustrating 
in greater detail one or more mounting components bonded to the glass surface; 

Fig. 22 is a perspective view of a liftgate assembly installed in a vehicle and 
comprising a plurality of components bonded to a glass panel by the preferred embodiment 
5 adhesive; 

Fig. 23 is a partial cross-sectional view of the liftgate assembly depicted in Fig. 22, 
illustrating in greater detail the bonding of components to the glass panel; 

Fig. 24 is a perspective view of a sliding window assembly in a vehicle; 
Fig. 25 is a perspective view of an alternate embodiment of a sliding window 
10 assembly comprising latch components bonded to glass panels by the preferred embodiment 
adhesive; 

Fig. 26 is an elevational view of the sliding window assembly depicted in Fig. 24, 

y 

illustrating guide tracks bonded to the upper and lower regions of a glass panel and a closure 

i 

fixture bonded to a glass panel by the preferred embodiment adhesive; 
15 Fig. 27 is a partial cross section taken along line XXVII-XXVII in Fig. 26, 

illustrating in greater detail the configuration of the multiple panel sliding window assembly; 

Fig. 28 is a partial cross section taken along line XXVIII-XXVIII in Fig. 26, 
illustrating additional aspects of the configuration of the multiple panel sliding window 
assembly; 

20 Fig. 29 is a partial cross section taken along line XXIX-XXIX in Fig. 26, illustrating 

further aspects of the multiple panel sliding window assembly; 

Fig. 30 is an exploded, perspective view of a hinge component bonded to a glass 
panel by a layer of the preferred embodiment adhesive; 

Fig. 31 is an end view taken along line XXXI-XXXI of the assembly illustrated in 
25 Fig. 30; 

-7- 




Fig. 32 is an elevational view of the hinge component bonded to the glass panel of the 
liftgate assembly depicted in Fig. 22; 

Fig. 33 is partial cross-sectional view of the hinged connection between the liftgate 
assembly and the vehicle depicted in Fig. 22; 

Fig. 34 is a detail of the track of the sliding window assembly illustrated in Fig. 27; 

and 

Fig. 35 is a view of an altemate sliding window assembly, detailing a single channel 

track. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A preferred embodiment of one aspect of the present invention for bonded glass 
assemblies is an automobile glass panel having a layer of a rapid set, rapid cure, two- 
component urethane disposed on the glass panel. Layers of such adhesives and others 
described herein have remarkable characteristics upon curing that enable them to be used as 
joints on automobiles. Fig. 1 illustrates a cross section of a vehicular window assembly 1 
comprising a glass substrate 2 and an attachment member 3 bonded thereto by a layer 4 of 
the rapid set, rapid cure, two-component urethane adhesive disposed between the glass 
substrate and the attachment member or portions thereof. 

In many of the preferred embodiments described herein, the two-component urethane 
adhesives utilized are "rapid set," and "rapid cure." Rapid set refers to a property exhibited 
by the two-component system, such that after mixing the components and relatively promptly 
contacting the adhesive mixture with the objects to be bonded together, the objects are held 
by the adhesive against movement resulting from their own weight or movement resulting 
from application of a relatively slight force, within about 3 minutes or less, preferably within 
about 90 seconds or less, and most preferably within about 45 seconds or less from the time 
of mixing and application of the adhesive to the objects. 



• # 

The term "rapid cure" refers to a cure time of less than about 60 minutes, preferably 
less than about 50 minutes, and most preferably less than about 40 minutes. That is, at least 
about 80%, preferably at least about 90%, and most preferably at least about 95% of the 
physical characteristics of the cured adhesives are obtained within about 60 minutes from the 
5 time of achieving the set phase of the adhesive. These two-component urethanes described 

herein fully cure, or substantially so, within the time periods referred to for rapid cure. That 
is, the average molecular weight of the polyurethane chains and degree of cross-linking in the 
adhesive matrix does not significantly change after the period of rapid cure. 

The rapid set, rapid cure, two-component adhesives described in greater detail herein 

10 will find numerous applications in high production rate manufacturing processes, thereby 
often eliminating the requirement of fixturing bonded components and otherwise hindering 
the manufacturing process. These adhesives will withstand relatively high tensile, torque, or 
shear loads, extreme vibration even under high temperatures and after extended aging and 
thermal cycling, and resistance to adverse environmental conditions encountered by vehicular 

15 window assemblies. The rapid set, rapid cure, two-component urethanes described herein 

are able to withstand tensile and shear forces of at least 500 psi, preferably 700 psi, and most 
preferably 800 psi, without separation from the underlying glass surface or breakage of the 
glass substrate. These adhesives described in greater detail herein, have been found to be 
useful for forming bonded assemblies comprising glass and dynamic load-bearing attachment 

20 members having low surface area mounting footprints, tliat are able to withstand relatively 

high loads or other stresses, significantly beyond the ability of conventional single-component 
urethanes. Such low surface area mounting footprints are preferably less than about 6 in^, 
and in some instances, may be less than about 1 irf. In addition, it has surprisingly been 
discovered that these adhesives do not impart deleterious amounts of stress to the glass 

25 substrate to which they are bonded. 
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Frequent reference is made herein to bonding "attachment members" to glass. The 
term "attachment member" as used herein refers to any part, accessory, or constituent 
thereof, to be bonded to glass. In the context of vehicular window assemblies, reference to 
attachment members includes, but is not limited to, mounting components, hinges, clevises, 
latches, lift brackets, division bars, guide tracks, handles, guide pins, strut-mounting 
hardware, strikers, brake lights, power-mounting hardware, rails, gaskets, antennas, wiper 
mounts, cosmetic articles, and particularly to dynamic load-bearing components having a 
relatively lp>^ surface area mounting footprint. In addition, reference to attachment members 
includes, but is not limited to, interior accessories such as rearview mirrors, mounting 
fixtures, and other components suitable for use in automobile passenger compartments. 

The preferred embodiment bonded assemblies of glass and attachment member(s), 
include an automobile glasjs panel that is bonded by an effective amount of a preferred 

'v. 

embodiment adhesive described herein to a mounting component, for example a metal 
component, affixed to a surface of an automobile body. Fig. 2 illustrates a preferred 
embodiment movable window or panel assembly 12 disposed in a vehicle 10 within a window 
opening 14 formed in the vehicle exterior 16. Window assembly 12 comprises a panel 24 
that is preferably transparent glass, and one or more mounting members 30 and 32, bonded 
to panel 24 by the preferred embodiment adhesive, i.e., the rapid set, rapid cure, two- 
component urethane adhesive described herein.. Window assembly 12 is adapted to articulate 
or pivot about a pair of mounting members 30 positioned approximate to peripheral edge 18 
of inside surface 22 of panel 24. Panel assembly 12 is opened or closed about mounting 
members 30 by a second mounting member 32 interconnecting the vehicle 10 to panel 
assembly 12. Although panel assembly 12 is shown pivoting about an axis proximate to the 
leading peripheral edge 18, it is contemplated that various panels such as a rear window or 
tailgate window may be configured to articulate about a horizontal axis as well. 
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Figs. 3 and 4 illustrate in greater detail window assembly 12. Panel 24 is preferably 
transparent glass which is typically tempered, but may be laminated, or otherwise 
strengthened using conventional techniques and principles. Panel 24 may be curved, bent or 
generally planar, having two substantially parallel sides, surfaces, or faces 20, 22 terminating 
in a peripheral edge 18. Although transparent glass is preferred, other sheet-like panel 
materials may also be used such as opaque or coated glass, privacy glass, glass with a layer 
of ceramic frit, tinted glass, solar tinted glass, transparent, coated or opaque plastic 
materials, or multi-composite laminates, such as transparent glass and plastic. Additional 
details and vamtioiis of vehicular window assemblies are described in a copending 
application: to the same assignee as the present application. Serial No. 08/129,671 filed 
September 30, 1993, which is herein incorporated by reference. 

Figs. 5 and 6 illustrate mounting component 50 bonded to a glass substrate 60 by a 
layer of rapid set, rapid cure, two-rcomponent urethane adhesive 70 as provided by the 
present invention. Component 50 is typical of a mounting component for attachment to glass 
substrate 60, and comprises a base portion 52 having one or more optional apertures 54, and 
a threaded member 56 for engagement with another component or the vehicle. This bonded 
assembly, when utilized in a vehicular window application, will likely be subjected to highly 
localized loads and thus high stresses will be iniparted to the adhesive. Accordingly, it is 
recommended to utilize the rapid set, rapid cure, two-component adhesive due to its 
surprisingly high strength and ability to not impart deleterious amounts of stress on the 
underlying glass substrate. A layer of adhesion promoter and/or primer may be utilized to 
further improve and promote the bonding characteristics of the resultmg assembly, as 
described in greater detail herein. Figs. 5 and 6 illustrate such an embodiment comprising 
adhesion promoter layer 80 and primer layer 90. 



The preferred embodiment adhesives described herein may be utilized to bond gaskets 
to glass panels for fixed mounting applications. Figure 7 is an elevational view of a 
vehicular window assembly 100 comprising a glass panel 110 having a gasket 120 disposed 
along its perimeter. Gasket 120 is bonded to panel 110 by a layer 130 of the preferred 
embodiment rapid set, rapid cure, two-component urethane adhesive. Glass panel 110 may 
be any glass type or similar panel as previously described. Gasket 120 is typically a rigid 
polymeric material, however a flexible polymeric material could also be used. An example 
of a suitable rigid material for a perimeter gasket is polyethylene terephthalate. Fig. 8 
illustrates a cross section of^a portion of assembly 100 taken at line VIII- VIII in Fig. 7. Fig. 
8 illustrates a typical configuration of a window gasket bonded to a glass panel. Gasket 120 
may contain one or more fasteners 135 projecting outward from the glass panel for 
subsequent attachment to a vehicle mounting surface or to another member. 

The bonded assemblies described herein are particularly well suited for use as 
movable vehicular window assemblies. Such assemblies may find application as hinged 
window assemblies, sunroofs, door lift window assemblies, liftgates and sliding window 
assemblies. The assemblies may be utilized as movable windows in which one or more glass 
panel (s), preferably with one or more mounting or hinge-like components, are positionable 
with respect to a vehicular mounting surface. In many of these embodiments, a first portion 
of a positionable meimber, e.g., hinge or hinged assembly, is bonded to a glass panel by an 
effective amount of the adhesives described herein. Another portion of the member is 
affixed or connected to a vehicular mounting surface or other intermediate surface. These 
various embodiments are described in greater detail as follows. 

Fig. 12 illustrates a movable vehicular glass assembly 150 utilized as a vertically 
positionable door lift window in a vehicle side door 152. Assembly 150 comprises a lift 
bracket 154 bonded to a lower portion of a glass panel 156 by a layer of the preferred 
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embodiment adhesive. As will be appreciated by those skilled in the art, lift bracket 154 is 
operably connected to one or more lifting members 158 of the window lift mechanism (not 
shown). Figs. 13 and 14 are cross sections of two possible embodiments of lift brackets that 
can be bonded to glass in accordance with the present invention. Fig. 13 illustrates a lift 
bracket 160 that supports glass panel 156 on a plurality of sides, and which preferably is 
bonded to panel 156 on each of those sides by a layer 162 of the preferred embodiment 
adhesive. Fig. 14 illustrates another embodiment of a lift bracket 164 bonded to glass panel 
156 by a layer 166 of the preferred embodiment adhesive. 

Fig. 12 further illustrates a fixed vent window assembly 170 installed in side door 
152. Assembly 170 comprises a division bar 172 bonded to an exposed edge of glass panel 
174, preferably adjacent movable jlass panel 156. Figs. 15 and 16 illustrate in greater detail 
fixed vent window assembly 170 comprising division bar or rail 172 bonded to an edge of 
glass panel 174 by a layer I76 of the preferred embodiment adhesive. 

Fig. 12 further illustrates a guide pin 178 bonded to glass panel 156 by the preferred 
embodiment adhesive. Fig. 17 illustrates a typical vehicular glass assembly 180 comprising 
an alternate embodiment guide pin 182 bonded to a surface of a glass panel 184 by a layer 
186 of the preferred embodiment adhesive. 

Fig. 18 illustrates an alternate embodiment of a movable vehicular glass assembly 190 
and lift mechanism 200. Assembly 190 comprises a plurality of lift brackets 202 bonded to a 
portion of a glass panel 204 by an effective amount of the preferred embodiment adhesive. 
Lift mechanism 200 is preferably engaged with panel 204 at each lift bracket 202. 

Fig. 19 illustrates another embodiment of a movable window assembly in accordance 
with the present invention. Movable sunroof assembly 210 comprises one or more mounting 
components 212, which typically are hinges, bonded to a glass panel 214 by the preferred 
embodiment adhesive, and affixed to vehicle 216, as similarly described with respect to 

-13- 



m m 

hinges 30 of assembly 12 depicted in Figs. 2-4. Sunroof assembly 210 may further comprise 
a latch member 218 for locking the window closed, or maintaining panel 214 in a particular 
position when the sunroof is open. 

As previously described, the present invention also encompasses fixed window 
assemblies that are affixed to or otherwise secured to one or more vehicle mounting surfaces. 
The preferred embodiment adhesives are well suited for bonding mounting components to 
glass for such fixed mounting application. Figs. 20 and 21 illustrate a glass panel 220 
suitable for fixed mounting to a vehicle, wherein the panel has a plurality of mounting 
components 222 bonded to one or more surfaces of panel 220 by a layer 224 of the preferred 
embodiment adhesive. 

Figs. 22 and 23 illustrate a liftgate assembly 230 installed in a vehicle 232. Liftgate 
assembly 230 comprises a glass panel 234 having a plurality of components bonded to it such 
as struts 236, hinges 238, latches 240, and a handle 242. An effective amount or layer 244 
of the preferred adhesive as described in greater detail herein is utilized to bond components 
236, 238, 240, and 242 to glass panel 234. Figs. 32 and 33 illustrate in greater detail the 
portion of liftgate assembly 230 having hinge 238 bonded to panel 234 and secured to vehicle 
232 depicted in Figs. 22 and 23. Hinge 238/Copiprises a mounting member 310 hingedly 
coupled to a base member 312 via a pin 314. Glass panel 234 is bonded to hinge mounting 
member 310 by a layer 244 of the preferred embodiment adhesive. Hinge base member 312 
may be affixed to vehicle 232 in a variety of fashions, such as by one or more threaded 
fasteners 318. As will be appreciated by those skilled in the art, it may be desirable to 
utilize a gasket 320 disposed around the perimeter of the vehicle opening over which the 
panel or liftgate covers. 
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Fig. 24 illustrates a preferred embodiment sliding window assembly 250 installed as a 
rear window in a truck 252. As is explained in greater detail below, assembly 250 
comprises a plurality of glass panels 253, 254, and 255, such that at least one of the panels is 
slidably positionable along one or more tracks. 

Figs. 26-29 and 34 illustrate in greater detail window assembly 250 shown in Fig. 24. 
Assembly 250 comprises a plurality of glass panels such as panels 253, 254, and 255, that 
are either bonded by the preferred adhesive to one or more track members 256, 257, or are 
slidably positionable therein. Track members 256 and 257 are channelled members adapted 
to receive, panels 253, 254, and 255. As illustrated in Figs. 26 and 27, it is preferred that 
one or more panels, such as panel 253 and panel 255 be bonded along their upper peripheral 
edges to upper track member 256, and be bonded along their lower peripheral edges to lower 
track member 257 by a layer of the preiferred embodiment adhesive 258. Panel 254 is 
preferably not bonded to either track member so that it is slidably positionable within those 
tracks. Depending upon the configuration of assembly 250, panel 254 may be slid alongside 
either or both panels 253 and 255. Assembly 250 may further comprise a latch member 259 
bonded to one of the glass panels of assembly 250, such as panel 254, and a corresponding 
pin member 260 bonded to an adjacent corresponding glass panel, such as panel 255. Latch 
259 and pin 260 are bonded to glass panels 254 and 255, respectively, by a layer 261 of the 
preferred embodiment adhesive. Assembly 250 may further comprise one or more sealing 
members disposed on the lateral edges of the slidable panel, to provide a seal between 
adjacent panels and thereby minimize drafts or other undesirable phenomena such as wind 
noise when assembly 250 is in a moving vehicle. Moreover, the sealing members may also 
be configured to provide a handle or edge that can be readily grasped to facilitate the 
positioning of a panel. Figs. 26 and 28 illustrate glass panel 254 having sealing members 
262 and 263 bonded to the lateral peripheral edges of panel 254 by a layer 264 of the 
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preferred embodiment adhesive. Sealing members 262 and 263 are preferably configured to 
provide a channel or receiving surface 265 to bond to the edge of panel 254, a sealing 
portion 266 or lip which sealingly engages an adjacent panel, and a handle portion 267 
adapted for easy grasping by a user wishing to slide glass panel 254 along tracks 256 and 
257. As best illustrated in Fig. 34, a glide member 350 is preferably disposed in track 
member 257 to facilitate sliding panel 254 in the channel provided by track 257. Glide 
member 350 is preferably formed from a low friction plastic. 

Fig. 25 illustrates an alternate embodiment of a sliding window assembly 270, in 
which at least one of glass panels 272 and 274 is slidably positionable along a track (not 
shown) such that panels 272 and 274 can be moved away from one another, e.g. to allow air 
to pass between a passenger compartment and the outside environment, or can be abutted 
against one another, or substantially so, to prevent air passage, e.g., to prevent loss of heated 
or cooled air in the passenger cpmpartment, Fig. 25 further illustrates latch and pin 
components 276 and 278, respectively, that lock or otherwise secure panels 272 and 274 to 
one another. Latch 276 and pin 278 components are bonded to panels 272 and 274 by the 
preferred embodiment adhesive. 

Fig. 35 illustrates an alternate embodiment of a sliding window assembly in which a 
single channel track 360 is bonded to a glass pane;l 364 by a layer 366 of the preferred 
embodiment adhesive, Disposed between the peripheral edge of glass panel 362 and track 
360 is previously described glide member 350 to facilitate sliding of panel 362. When 
installed in a vehicle, panel 364 may be either fixed or movable with respect to the vehicle. 

Figs. 30 and 31 illustrate a preferred embodiment of a hinge component 300 bonded 
to a glass panel 301 by a layer 302 of the preferred embodiment adhesive. Hinge component 
300 comprises a mounting member 305 for contacting the layer of adhesive 302, a member 
306 for affixment to a vehicle mounting surface 307 via threaded fastener 308. Hinge 300 
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has a flexible U-shaped region connecting mounting member 305 to member 306, which 
provides relative movement between members 305 and 306. Hinge 300, as will be 
appreciated from Figs. 30 and 31, is ideally suited for providing hinged affixment between a 
panel and a vehicle for applications where the panel travel is less than about 20 degrees 
about the hinge axis. Examples of such applications include the side window shown in Fig. 
2. 

The rapid set, rapid cure, two-component urethane adhesives described herein exhibit 
surprising and remarkable ability to rapidly bond glass to other materials in such a manner 
that the resulting bond can withstand highly localized loads without failing. As previously 
explained, many new window designs require attachment of mounting members or other 
attachment members to glass which results in highly concentrated static loads and/or dynamic 
loads at the adhesive bond, as might be the case in a movable window. Often, there is 
minimal available surface area on the glass or attachment member for bonding. Such 
minimal surface area limits the available area for distributing these loads and stresses over 
the adhesive bond. It is even more remarkable that the bonded assemblies described herein, 
particularly those utilizing the preferred adhesives, retain their bonded configuration under 
high loads, while concurrently subjected to. adverse conditions such as water immersion, 
vibration, and temperature extremes. It has been found that bonded assemblies utilizing the 
rapid set, rapid cure, two-component adhesive described herein can withstand localized static 
tensile loads of at least 5 lbs/in^ and as high as about 40 lbs/in^, and in some instances 
significantly higher loads such as 80 lbs/in^, without failing as applied within OEM ranges of 
-40^ C to 100^ C. 

A wide array of materials may be bonded to glass by use of the preferred adhesives 
described herein. Such materials may include for example metals, coated metals, plastics, 
coated plastics, or composites or combinations thereof. 
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The thickness of the adhesive layer generally depends upon the end use applications 
for the bonded assembly, the surface characteristics of the glass substrate and the attachment 
member to be bonded to the glass, and the required bond strengths. If the adhesive layer is 
too thick, elongation of the adhesive layer, for instance upon application of a shear stress, 
allows movement between the bonded components or substrates and may result in creep 
and/or peel. If the adhesive layer is too thin, the bonded assembly may have poor durability, 
insufficient squeeze out or component coverage, or other phenomena in which adhesive 
material migrates away from the bond interface. Moreover, if the thickness of the adhesive 
layer is. not uniform, there may be regions on the surfaces of the bonded components that 
have insufficient coverage of adhesive, thereby resulting in voids or other undesirable 
variations in coverage. The preferred thickness for the adhesive layer is from about 0.01 
mm to about 4.0 nmi, more preferred being from about 0.25 mm to about 2.0 mm, and the 
most preferred thickness being about 0.5 mm to about 1.0 mm. 

The preferred embodiment method of adhering attachment members to glass substrates 
is to prime the glass surface, and deposit an effective amount of a preferred embodiment 
adhesive described herein on one or both surfaces of the attachment member and primed 
glass substrate to be bonded, and place the attachment member and substrate in the desired 
position for bonding. The term "effective amount" refers to an amount of adhesive such that 
the attachment member that is adhered to the substrate is securely bonded thereto after curing 
of the adhesive. Typically, an effective amount is an amount that results in an adhesive layer 
thickness of between about 0.01 mm and about 4.0 nun, more preferably about 0.25 mm to 
about 2.0 mm, and most preferably frpni about 0.5 mm to about 1.0 mm. 

Preferably, the adhesive is applied to a glass frit layer which is applied to the glass 
panel. Thus, in forming the glass assemblies described herein, it is preferred that the various 
assemblies comprise such a glass frit layer on the surface of the glass substrate. The frit 
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layer helps to shield the adhesive applied thereto from the ultraviolet radiation of sunlight. 
Exemplary descriptions of forming frit layers on glass surfaces are provided in United States 
patent application Serial No. 07/898,094 filed June 12, 1992, now issued as United States 
A patent 4^3/^*^ ' ^ * , which is herein incorporated by reference. 

5 Optionally, the surface of the glass to be bonded may be cleaned prior to bonding 

such as by washing with isopropyl alcohol or a suitable detergent followed by drying. 
Similarly, the surface of the component or other substrate to be bonded to the glass may also 
be washed and dried prior to bonding. 
P R.eferring again to Figs. 2-4, the preferred adhesive, i.e., the rapid set, rapid cure, 

10 two-comppnent urethane adhesive, may be utilized to bond window assembly 12 attachment 
members such as hinges, mounting members, latches, and handles to glass panel 24 for 
m subsequent attachment of window assembly 12 to vehicle 10. In order to form such bonds, 

an effective amount of the adhesive is deposited on the attachment member to be bonded, 
M= and/or to the appropriate area of the glass at which the attachment member is to be bonded. 

^ 15 The attachment member is then engaged with the glass via the adhesive, and adhesive 
allowed to set. Upon curing, a strong, durable bond is formed between the attachment 
member and the glass. 

The preferred adhesive dispensing method is performed by using a metering unit and 
a mixing unit to both mix and dispense the adhesive. The metering unit should preferably 
20 dispense a very accurately controlled volume of each component to the mixing unit. This 
volume must be constant for a specific flow rate such that the ratio of the isocyanate 
component to the polyol component does not change as the total dispensed volume and flow 
rate change. Preferred metering units are gear pump-based dispensing units such as those 
supplied by EMC^ of Sterling Heights, Michigan. The most preferred metering units are 
25 adjustable gear pump-based units. The preferred mixing unit may be either a static mix tube 
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(jr a dynamic urethane RIM mix head like those supplied by Admiral of Canton, Ohio; 
Cannon of Mars, Peimsylvania; Kraus Maffai of Germany, and others. For applications 
involving most automotive bonded assemblies, the most preferred mixing unit is a static mix 
tube 0.25 inches in diameter and 6 inches long, in association with a 24 element KINEX*, a 
sequential reverse static mixer. 

In order to promote uniformity and accuracy of dispense volume, mixing, and ratio 
control, it is most preferred that the isocyanate and polyol components of the adhesives 
described herein be delivered to the dispense metering unit and mixing unit through thermally 
controlled lines, such as those provided by Hart Ind. Supply of Middletown, Ohio. 

It is, also preferred that the adhesive material be deposited upon the glass or 
attachment members to be adhered to the glass, with the aid of a robot. RobQ.tic_depnsition 
or other automatic procedures promote repeatability in both application and open time control 
that manual operation may not be able, to deliver. An example of forming a bonded 
vehicular glass assembly by robotic assembly is described in greater detail below. 

It may also be desirable to accelerate the set and cure times of the adhesive. 
Acceleration of adhesive set and cure times can be accomplished by heating and/or by 
utilizing chemical agents. The use of chemical agents is discussed in greater detail below. 
Acceleration by heating may be performed by induction curing, infra red heating, or other 
methods of heating the adhesive. 

In the preferred embodiment of the two-component urethane adhesives described 
herein, the polyol component utilized includes one or more polyols and one or more high 
amine density plural amine compounds, hereinafter referred to as HADPACs. The preferred 
amount of HADPAC typically ranges from about 2% to about 20%, and most preferably 
from about 5% to about 10% by weight of the polyol component. In addition, the adhesives 
utilize a filler agent in either the polyol component, the isocyanate component, or both. The 
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filler agent is preferably utilized in an amount from about 15% to about 50% of the total 
weight of the polyol and isocyanate components. Moreover, the adhesives preferably utilize 
a particular ratio of isocyanate functionality to hydroxy and/or amino functionality of from 
about 0.9 to about 2.0, more preferably from about 1.03 to about 1.4, and most preferably 
from about 1.1 to about 1.3. 

A HADPAC is a high amine density plural amine compound that may be either 
aromatic or nonaromatic, having an amine to carbon ratio of from about 1.0 to about 0.25:1 
with the provisos that the compound (a) contain at least 3 amine groups, except if the 
compound is aromatic, then the compound may contain as few as 2 amine groups due to 
plate-like stacking phenomenon and (b) the compound contain from 2 to 24 carbon atoms. 
The molecular weight range for these amines typically ranges from about 115 to about 5000, 
and more preferably from about 210 to about 290. A particularly preferred HADPAC is a 
penta-amine or hexemiine containing .il or 12 carbon atoms, such as the aminated reaction 
product of pentaerythritrol, glucose, or sucrose. The most preferred HADPAC is aminated 
sucrose or aminated pentaerythritrol. The amination reaction may be performed by reacting 
pentaerythritrol, glucose, or sucrose, with an excess of, for example, but not limited to, 
ammonia, methyl amine, ethyl amine, and other amino alkanes of the formula C^^HnNHi 
where x ranges from about 1 to about 20, and n is such that the alkane is fiilly saturated. In 
a preferred embodiment, x is from about 1 to about 6, and most preferably, from about 1 to 
about 3. 

As will be appreciated by those skilled in the art, during formation and isolation of a 
HADPAC, there will typically be a distribution of compounds accompanying the HADPAC. 
Thus, it is recognized that the function of the HADPAC in the adhesives described herein 
stems from not only from the HADPAC, but also from the distribution of related compounds 
accompanying the HADPAC. 
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Although not wishing to be bound to any particular theory, it is believed that upon 
curing of the adhesives described herein, cross-linking occurs between the HADPACs, and 
isocyanate groups to a degree such that a higher cross-link density is achieved in the 
preferred embodiment adhesives as compared to most other urethane adhesives. The polyols 
in the polyol component may include polyols such as diols, triols, tetrols, pentols, hexols, 
heptols, and octols. Examples of polyol compounds that may be employed in the polyol 
component include, but are not limited to, propylene glycol, ethylene glycol, glycerine, 
trimethylolpropane, 1,2,6-hexanetriol, pentaerythritrol, methyl glucoside, sorbitol, and 
sucrose. It is envisioned that a wide array of polyalkylene glycols (ethylene, diethylene, 
dipropylene), various glycerine triols and trimethylol propanes, and derivatives thereof could 
be utilized.. Other preferred polyols include poly ether or polyester polyols with hydroxy 1 
equivalent weights (hydroxyl equivalent weight is the molecular weight per hydroxyl group in 
the compound) of between about 50 and about 2000, such as a blend of diols, triols, and 
pentols and sucrose initiated polyols. For end use applications expected to be exposed to 
water or moisture, polyether polyols are especially preferred in view of their relatively high 
degree of hydrolytic stability. 

In addition to the previously noted prefenred HADPAC, other amines may be utilized 
in the polyol component. Such amines may be formed by reaction between propylene oxide 
and/or ethylene oxide, and amine compounds or other nitrogen-containing compounds such as 
ammonia. Examples of suitable amine compounds for such reactions include, but are not 
limited to, triethanol amine, ethylene diamine, toluene diamine, diphenylmethane diamine, 
diethylenetriamine, aniline, methyldiethanolamine, triethanolamine, trispropanolamine, 
diethyl toluelene diamine, and other alkyl amines. 

Examples of the isocyanate compounds that may be utilized in the isocyanate 
component include, but are not limited to, diphenylmethane diisocyanate (MDI), typically 
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polymeric MDI, and its isomers such as 4,4' - MDI, 2,4' - MDI and 2,2' - MDI; and 
tolylene diisocyanate (TDI) and its isomers. It is also possible to use other isocyanates, 
either alone or in combination with one or both MDI and TDI. The preferred combination 
of isocyanates for the isocyanate component is a majority fraction of MDI prepolymers, such 
as Dow Chemical's PAPI* 27, and minority fraction of monomeric isocyanates, having an 
iso-equivalent weight between 143 and 181 (iso-equivalent weight is the molecular weight per 
isocyanate group in the compound), and minority fraction of a mixture of polymeric 
isocyanates such as a polymeric poly isocyanate available from Dow Chemical, dimers and 
trimers of MDI, and alternate prepolymers of MDI. 

One or more filler agents are incorporated in either the polyol component, the 
isocyanate component, or both. Although not wishing to be bound to any particular theory, 
it is believed that the filler agent creates a porous structure within the adhesive, which 
enables moisture to permeate into and .throughout the adhesive to effect isocyanate cross- 
linking via urea formation with any unreacted isocyanates. The preferred amount of filler 
agent is from about 15% to about 50% of the total weight of the polyol and isocyanate 
components. More preferably, the amount of filler agent is from about 20% to about 30% 
of the total weight of the polyol and isocyanate components. Most preferably, the amount of 
filler agent is about 25% of the total weight of the polyol and isocyanate components. 
Examples of suitable filler agents include, but are not limited to, silicates such as magnesium 
silicate, silicas such as crystalline silica and quartz silica, calcium carbonate, talc and 
combinations thereof. The preferred filler agent is a combination of talc and silica. 

A typical urethane adhesive system employs a ratio of isocyanate functionality to 
hydroxy and/or amino functionality of from about 1.03 to about 1.07. A ratio higher than 
about 1.07 leads to an adhesive which is excessively brittle and relatively slow curing. A 
ratio less than about 1.03 leads to a cured adhesive which is too soft for use in most 
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industrial applications. The preferred embodiment adhesives, it has been surprisingly 
discovered, utilize a ratio of isocyanate to hydroxy and/or amino functionality of from about 
0.9 to about 2.0, more preferably from about 1.03 to about 1.4, and most preferably from 
about 1.1 to about 1.3. These ratios are desirable since by utilizing greater amounts of 
isocyanate, the resulting cured adhesive has greater heat resistance without sacrificing 
elongation or tensile strength. 

A wide array of optional components may be incorporated in tlie preferred adhesives 
depending upon the application and desired end use requirements for the bonded assembly. 
For example, various UV blockers, stabilizers and absorbers may be incorporated in the 
adhesives to minimize adhesive degradation from sunlight. Chain extenders may be utilized 
such as. ethylene glycol, butane diol, ethylene diamine, and diethyl toluene diamine. Various 
cross-linking agents may be utilized such as, but not limited to, oxypropionated sucrose, 
aliphatic amines, pentarythrathols,^aminated polyols or high hydroxy 1 number materials such 
as 1,2,6-hexanetriol, 1,1,3-trimethylplpropane, and glycerine for example. In addition, 
pigments or colorants may be added to the adhesives. One or more diluents or thixotropic 
may be added to the adhesive composition to modify the viscosity and related processmg 
characteristics of the resulting compositions. It may also be desirable that one or more 
additives such as thermal stabilizers, antioxidaints, and surfactants may be utilized in the 
adhesive. All the foregoing optional components may be added to the polyol component, and 
where applicable, to the isocyanate component, or to both prior to mixing, or to a third or 
other component which can be added to the mixture prior to setting to form the desired 
adhesive. 

Depending upon the characteristics desired for the setting and curing phases of the 
adhesive, it may be desirable to add one or more catalysts to accelerate the setting and curing 
phases. Examples of catalysts for the adhesives of the preferred embodiment include, but are 
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not limited to, tertiary amines such as 1,4-diazabicyclo [2,2,2] octane (triethylene diamine), 
N-methylmorpholine, N-ethylmorpholine, triethylamine, N-methyldiethanolamine, N,N- 
dimethylaminoethanol, N,N-diethylaminoethanol, triethanolamine, tetramethylguanidine, 
N,N,N',N'-tetramethylethylenediamine, N,N-dimethyi C^q - Ci^ amine, N,N- 
5 dimethylcyclohexylamine, N,N-dimethylpiperazine, 1,2,4-trimethylpiperazine, bis-(2- 
hydroxypropyl)-2-methylpiperazine, bis-(beta-dimethylaminoethyl) ether, and organotin 
compounds such as stannous octoate, stannous oleate, dibutyitin dilaurate, and dibutyltin 
diacetate. 

There are conmiercially available urethane adhesives which exhibit the preferred rapid 
10 set, rapid cure, and high-strength characteristics, which the present inventors have discovered 
provide surprisingly superior bonds between glass and other components or materials. One 
such commercially available two-component urethane adhesive having all the above described 
properties, and which is the nipst preferred adhesive, is Essex 73100 isocyanate component, 
and either 73002 or 73003 polyol component available from Essex Specialty Products, Inc., a 
15 subsidiary of The Dow Chemical Company. The Essex 73100 isocyanate component 

comprises a proprietary polyurethane prepolymer(s) which is believed to primarily comprise 
prereacted, relatively long, branched chain molecules of diphenylmethane diisocyanate (MDI) 
reacted with a combination of relatively short and moderate chain length diols, triols, and 
moderate chain length diamines. It is further believed that the ends of these chain molecules 
20 are blocked with isocyanate groups, and there exists a proportion of free MDI molecules that 
are present and available for reaction. The 73100 component further comprises various 
fillers, such as magnesium silicate, crystalline silica, and calcium carbonate. The solids 
content and approximate amount of filler agents in the Essex 73100 component is about 24%. 
The Essex 73002 polyol component comprises proprietary polyurethane prepolymer(s) of 
25 polyols, diols, N-phenol diethanolamine, and a penta-amine that is initiated from 
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pentaerythritrol and sucrose molecule, i.e., a HADPAC. The 73002 polyol component 
further comprises fillers, catalysts, and likely includes surfactants. The fillers are calcium 
carbonate and quartz silica. The catalyst is an amine-based catalyst. The solids content and 
approximate amount of filler agents in the 73002 component is 27%. 

This most preferred, commercially available adhesive system has a combination of 
properties and characteristics that render it particularly well suited for use in forming 
automotive y/indow or panel assemblies and for installing such assemblies in vehicles. The 
combination of properties include relatively high stability and resistance to water, minimal 
creep even at relatively high temperatures thereby resulting in a structurally rigid bond, 
ability to impart remarkably low stress upon the underlying substrate upon curing, and as 
previously described, relatively fast set and cure times. The present inventor has further 
found that this adhesive provides surprisingly strong and durable bonds between glass and 
other materials. The inventor has further found that this adhesive is particularly well suited 
for forming bonds between vehicle mounting surfaces and attachment members that are 
subjected to and which bear dynamic loads. 

As previously noted, it may be desirable to utilize an adhesion promo tor and/or a 
primer. Adhesion promoting compounds generally include silanes and amino silanes such as 
available from Dow Coming, Lord Chemlock, General Electric and Essex. Specific 
examples include diamino-tri-methoxy silanes available under the designations Lord 
Chemlock 134/144 and similar materials from Essex such as Essex 435.18 and 435.20. 
Other silanes not limited to diamino or tri-methoxy forms may also be suitable. A second 
group of adhesion promoters are titanium or zirconium coupling agents such as available 
from Kenrich Petrochemical Inc. of Bay on. New Jersey, which enhance the bonding ability 
of the adhesive to the substrate. Alternatively, or in addition to an adhesion promoter, one 
or more primers or single- component urethane adhesives may be used such as urethane 
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based, isocyanate-rich, moisture-curable, urethane prepolymers such as Morton Yokohama 
MS-90 available from Morton Intemational of Ridgewood, Illinois or Essex 435.20a. 
Additional examples of substrate primers include but are not limited to Essex 435.32, for 
applications in which the substrate to be bonded to glass is metal or plastic. Although these 
adhesion promoters or primers are preferred, they are not the only adhesion promoters or 
primers available which may be equally if not more suitable for the application. 

The adhesion promoter and/or primer applied to the glass surface should form a layer 
having a thickness such that the entire surface of the area of the glass to be bonded, or 
substantially so, is wetted by the adhesion promoter or primer. The preferred thickness 
range for the adhesion promoter or primer materials is from about 0.01 mils to about 3.5 
mils, more preferably from about 0.05 mils to about 2 mils, and most preferably from about 
0.1 mils to about 1.0 riiils. It is .undesirable to apply an excessive amount of adhesion 
promoter or primer on the glass as such leads to interlay er polymeric silane cross-linking. 
Such silane polymerization results in a much weaker bond than the silane-urethane primer 
link. Many conraiercial suppliers for adhesion promoters or primers recommend that after 
application of adhesion promoter or primer to the substrate to be bonded, that excess 
promoter or primer niaterial be wiped off with a clean cloth. This wipe-off step results in 
additional time and labor, which is clearly undesirable at the commercial level. The present 
inventor has found that a more desirable way of removing excess adhesion promoter or 
primer material after application is to allow solvents in those materials to flash off. 
Sufficient flash off was found to occur at ambient temperatures in a period of only from 
about 5 seconds to about 15 minutes. 

One or more layers of adhesion promoters and/or primers are preferably applied to 
the glass substrate and/or other substrates or attachment members to be bonded thereto prior 
to bonding. A preferred combination is to utilize an amino silane adhesion promoter, such as 
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Essex 435.18 silane coupling agent, adjacent the glass surface, followed by a layer of a 
single-component urethane primer, such as Essex 435. 20 A primer, deposited on the layer of 
adhesion promoter. The adhesive is then deposited on the primer layer. It is most preferred 
to apply the two-component urethane adhesive to the adhesion promoter and/or primer within 
96 hours of application of the adhesion promoter and/or primer to the glass surface. 

A preferred embodiment bonded vehicular glass assembly suitable for use in a 
Chrysler minivan having a layer of frit and two hinges and a clevis bonded to a glass panel 
was formed by utilizing robotic assembly and deposition of adhesion promotor, primer, and 
adhesiye as follows. A tempered glass panel is obtained, such as from MaGraw Glass of 
Detroit,: Michigan. The glass may be of any suitable grade, such as clear glass, privacy 
glass, solar tint, or other grades known to those skilled in the art. The glass is coated with a 
frit layer, such as that available from Cerdac of Washington, Pennsylvania under the 
designation Cerdac 2247. The glass panel is dimensionally inspected and optically inspected 
for the existence of scratches, excess frit material, or other contaminating agents. 

The glass panel is then placed in a retaining fixture, centered, and positioned for 
subsequent application of adhesion promoter. It is preferred to utilize an ABB Robot, 
available from ABB Robotics of Rochester Hills, Michigan, a fully programmable multi-axis 
servo controlled robot, for applying the adhesion promoter, primer, and adhesive. To apply 
adhesion promoter to the surface of the glass panel, the ABB Robot is fixtured with a 
Nordson Drip and Drag, a mechanical liquid application device available from Nordson 
Corporation of Amherst, Ohio. The i^B Robot is programmed to obtain a piece of wool 
felt from a spool dispenser located near, and preferably above, the fixtured glass panel and 
wipe the felt material impregnated or loaded with adhesion promoter across desired regions 
of the glass panel. 
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Silane adhesion promoter available from Essex under the designation Essex 435.18, is 
pumped in small volumes to the surface of the felt. These small volumes are referred to as 
stitches. The stitches are adjusted such that a sufficient volume of the adhesion promoter is 
present on the felt to provide a continuous wet streak of adhesion promoter on the glass 
surface as the felt is wiped over the panel. The amount of the adhesion promoter deposited 
on the panel surface should be just enough to wet the glass. The adhesion promoter is then 
allowed to flash off, typically for not less than 10 seconds, and not more than 5 minutes. In 
most instances when utilizing the Essex 435.18 adhesion promoter at room temperatures, 
flash offfOQcurs in less than about 15 seconds. 

After the Essex 435.18 adhesion promoter has been allowed to flash off so that the 
panel surface; is relatively dry, a ureOiane primer is applied by the ABB Robot. Preferably, 
the primer, is applied to exactly the same area to which the adhesion promoter was deposited 
upon. The primer is applied in the same fashion as the adhesion promoter. The primer is 
preferably Essex 435. 20 A primer. 

The primer is allowed to flash off for a time period of typically between about 90 
seconds up to about 96 hours. The primer thickness should be controlled to a nominal value 
of between about 0.1 mils and about 1.5 mils dry thickness. When utilizing Essex 435. 20A 
primer, the typical thickness for this primer layer is between about 0.2 mils and about 0.6 
mils dry thickness, and typical flash off tune is about 3 minutes. 

Upon drying of the primer layer, the glass panel is moved to the urethane bonding 
area and repositioned if necessary, in the appropriate retaining fixture. The same type of 
ABB Robot is also preferably programmed to acquire and position the attachment members 
for bonding to the concave surface of the glass panel, i.e. the two hinges and one clevis. 
The hinges are preferably of the type illustrated in Figs. 30-31. The hinge member for 
bonding to the glass panel has a mounting footprint of about 6 in^. That member also 
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contains a plurality of perforations to allow adhesive to flow through the perforations and 
thereby promote affixment of the hinge to the glass panel. The clevis is preferably of the 
type illustrated in Figs. 5-6. The base of the clevis has a circular mounting footprint of 
about 1.25 in^. The base preferably has a plurality of perforations formed in it as previously 
explained with regard to the hinge member. 

The preferred adhesive, Essex 73100/73002 comprising 73100 polymeric isocyanate 
component and 73002 polymeric polyol component, is metered and mixed in a ratio of 1.3:1, 
respectively, by the previously described EMC^ dispensing unit and KINEX 24 element static 
mixer, 'fhis^ ratio allows for an isocyanate excess, or rich mixture which sets in about 90 
seconds. The gears of the EMC^ unit are set utilizing 60 and 48 teeth to yield the 1.3:1 
dispense ratio. The robot acquires adhesive from the KINEX 24 mixer. The hoses 
transferring adhesive or adhesive components are preferably thermally jacketed and the 
dispensing head is set to maintain the adhesive temperature at 95° F. 

The robot dispenses about 5.8 cubic centimeters of the mixed two-component urethane 
adhesive on each hinge, and about 1.2 cubic centimeters on the mounting surface of the 
clevis. The robot positions the components on the glass surface in less than about 30 
seconds from the tune of dispense, and typically less than about 17 seconds. The robot then 
clamps the clevis in place for about 30 seconds, and similarly locates and holds the hinges on 
the desired location on the glass surface for about 30 seconds. Once the components have 
been set by the adhesive, the glass is then moved to the end of the production line. The 
assembly is then placed in a work in progress rack and packed in its shipping container 
shortly after bonding, e.g. about 7 minutes after bonding. 

Bonds formed from the preferred embodiment adhesives described herein exceed bond 
strength OEM requirements set by most automotive companies and have been successfully 
tested in actual usage on vehicles. Bonds formed from tlie preferred embodiment adhesives 
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exhibit exceedingly high-strength against tensile, torque, and shear forces, such that bonded 
assemblies which have been immersed in a heated water bath for 500 hours can withstand a 
tensile force of over 795 psi without failure. This is explained in greater detail below in the 
discussion of experimental comparative testing that was conducted between the most 
preferred, commercially available two-component urethane adhesive and various single- 
component urethane adhesives that represent the state of the art for forming bonded 
automotive glass assemblies. 

EXPERIMENTAL TESTING 
Tensile Tests 

Testing was performed to compare the bond strength of glass panel to metal 
attachment members made utilizing the preferred embodiment process with similar glass 
panel to metal attachments bonded utilizing several single-component urethane adhesives. 
Bond strength was measured after bonded assemblies, utilizing the various adhesives, were 
fiiUy immersed in a water bath at S0° C for 100 or 500 hours. Samples comprised a glass 
window substrate having clevises adhesively bonded to the glass surface by the various 
adhesives. Each sample bonded with Essex adhesives utilized a layer of Essex 435.18 silane 
coupling agent deposited on the glass panel, and a layer of Essex 435.20a primer disposed on 
the layer of silane coupling agent. Each saniple bonded with Morton Yokohama adhesives 
utilized Morton Yokohama MS-90 primer. In all samples, adhesive was deposited on the 
primer layer. The water bath consisted of a stainless steel tank fitted with an aeration system 
and filled with deionized water. The temperature of the bath was maintained at 80"* C ± 2° 
C. As evaporation of the water occurred, the tank water level was restored by adding 
deionized water. Samples were completely immersed in an upright position in the water bath 
for the specified time period. The samples were adequately spaced from one another to 
allow water circulation between the assemblies. After immersion in the water bath for the 
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specified time period, the assemblies were removed and subjected to a tensile pull test. The 
assembly to be tested was placed in a stationary fixture such that the clevis to be pulled from 
the assembly was aligned with the pulling fixture. The pulling fixture was then attached to 
the clevis component, and additional adjustments were made with respect to the position of 
the pulling fixture to ensure that the pulling fixture exerted a tensile force on the bonded 
component perpendicular to the underlying glass substrate. Pulling was performed at a rate 
of 25.4 nmi per minute until a peak tensile force was reached or failure occurred. The peak 
tensile force was recorded and, if failure occurred, the mode of failure was noted. 

Table 1, as set forth below, sunmiarizes the results of the tensile pull tests performed 
after immersion in the heated water bath. Metallic clevis components having a circular base 
with a surface area for bonding of 0.49 in^ and bonded to the glass window substrate were 
subjected to the tensile pull test previously described. The Essex two-component adhesive, 
comprising Essex 73100 isocyanate component and Essex 73002 polyol component, is a most 
preferred adhesive in accordance with the present invention. The other compositions noted 
in Table 1 are representative of other types of adhesives to which the present invention 
provides a superior alternative over. Morton Yokohama WS-70FK is a urethane-based, 
isocyanate-rich, moisture-curable, single-component urethane prepolymer adhesive. Essex 
57302 is a moisture-curable, single-component adhesive. Morton Yokohama WS-30 is a 
moisture-curable, single-component adhesive. 
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TABLE 1 

Tensile Testing of Bonded Assemblies After Immersion in Water Bath at 80° C 
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3 
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4 
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5 
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85 
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*Test was stopped at the indicated peak tensile force value. 
It is clear from a review of Table 1 that the adhesive according to the most preferred 
embodiment, i.e., Essex 73100 and 73002, provides significantly stronger bonds after 
immersion in the heated water bath than the conventional single-component adhesives tested. 
In trial 2, bonded assemblies formed using the adhesive of the most preferred embodiment, 
i.e., Essex 73100 and 73002 components, after 500 hours of water immersion, withstood a 
peak tensile force of 286 lbs/in^ without any failures. In contrast, all bonded assemblies 
formed from the single-component urethane adhesives failed at significantly lower loads. 
Assemblies formed from the Morton Yokohama WS-70FK adhesive all failed, failure 
occurring at a peak value of only 130 lbs/in^. Assemblies formed from the Essex 57302 
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adhesive all failed, failure occurring at a peak value of only 207 lbs/in^. Assemblies formed 
from the Morton Yokohama WS-30 adhesive all failed, failure occurring at 85 lbs/in^. 
Similarly, in trial 3, the results were even more striking. Bonded assemblies formed 
utilizing the most preferred embodiment adhesive withstood a peak tensile force of 795 
lbs/in^ without any failures. In contrast, bonded assemblies utilizing the other adhesives all 
failed, and failed at significantly lower values, i.e., 338, 572, and 236 lbs/in^. 

It has surprisingly been found that bonds on glass surfaces formed from the preferred 
adhesives described herein are exceptionally strong and often exceed the material strength of 
the component or glass substrate. Components bonded to glass by the methods and adhesives 
described herein are able to withstand tensile forces of at least 500 psi, preferably 700 psi,- 
and most preferably 795 psi without separation from the underlying glass surface. Such bond 
strength exceeds OEM tensile bond strength requirements set by most automobile 
manufacturers, which is typically 300 psi. 

Torque Tests 

Further testing was performed in which maximum torque values before failure were 
measured for bonded assemblies utilizing the same four adhesives employed in the previously 
described tensile testing. Each assemWy utilized a clevis having a threaded fastener and a y^ 
inch diameter circular mounting base that was bonded by each of the previously described 
adhesives, to an appropriately primed glass surface ("appropriately primed" referring to use 
of the previously described primers, each with its particular adhesive). Two threaded nuts 
were placed on the threaded fastener portion of each bonded clevis. A torque wrench having 
a torque indication scale was then used to apply a torque to each bonded clevis until failure 
occurred. Fig. 9 illustrates maximum torque values for each of the adhesives tested. The 
clevis bonded with the most preferred, commercially available Essex 73100 and 73002 
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system withstood a significantly greater load, i.e., 107 inch-pounds, than did the other 
clevises bonded with Essex 57302, and Morton Yokohama WS-70FK and WS-30. 

Vibration Tests 

Additional testing was performed by subjecting a bonded vehicular window assembly 
to vibration of varying frequency and amplitude while concurrently subjecting the assembly 
to high and low temperatures. In this test, the bonded vehicular window assembly utilized 
was a window assembly produced for use as a side window in a Chrysler minivan. The 
assembly comprised two hinges and a clevis mount bonded to window glass by the adhesive 
of the most preferred embodiment, Essex 73100 and 73002. The glass of the window 
assembly weighed about 14.5 pounds, was tempered, had a compound curvature, and 
measured about 22.25 inches in height, 44 inches in length, and about 5 mm in thickness. 
The window assembly was formed in the same fashion as the previously described preferred 
embodiment bonded vehicular glass assembly designed for use in a Chrysler 'minivan, i.e. by 
robotic assembly. The two hinges and one clevis were attached to the concave surface of the 
glass panel. The window assembly was installed in a window fixture, or window buck. The 
bonded assembly was subjected to input vibration levels of +10 dB, +11 dB, and +12 dB, 
at varying frequencies, while concurrently being subjected to temperature cycling over a 12 
hour period. Each vibration input profile consisted of sequentially administering nine 
different frequencies, namely 5, 10, 13, 17, 21, 23, 39, 72, and 1000 hertz, to the assembly 
being tested. The administration of each vibration input profile was repeated over the 
duration of the test. 

In a first trial, the bonded assembly was subjected to the previously described 
vibration input profile at an amplitude of +10 dB for a period of 24 hours. During the first 
half of this trial, i.e., the first 12 hours, the temperature was varied in 2 hour increments at 
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-30° C and 2 hours at 80° C until the 12 hours was completed. Thus, for instance the 
bonded assembly subjected to the vibration input profile of the nine different frequencies 
repeated over the duration of the test at an amplitude of +10 dB experienced a temperature 
of -30° C for 2 hours, then a temperature of 80° C for 2 hours, then a temperature of -30° C 
for another 2 hours, then a temperature of 80° C for 2 hours, then a temperature of -30° C 
for another 2 hours, and lastly, a temperature of 80° C for 2 hours. The bonded assembly 
passed this first trial of the test without failure. 

After being subjected to the previously described conditions, the bonded assembly was 
then further subjected to a second 12 hour trial utilizing the same vibration frequency and 
amplitude input profile as noted above, but even more severe temperature extremes. The 
second 12 hour temperature cycle for the + 10 dB level consisted of repeated exposure in 2 
hour increments to temperatures of -40° C and 100° C until the 12 hours was completed. 
This assembly passed this portion of the test without failure. 

The assembly was then subject to a second trial, utilizing the same vibration 
frequency and temperature conditions as the first trial for the same time period of 24 hours. 
Instead of a vibration amplitude of +10 dB, an amplitude of +11 dB was utilized. The 
assembly passed this portion of the test without, failure. 

In a third trial, the bonded assembly comprising the most preferred embodiment 
adhesive was subjected to the previously described vibration input profile at an amplitude of 
+ 12 dB. Temperature cycling was performed by repeated exposure to temperatures of -40° 
C and 100° C for 2 hour periods as described before for a total time of 24 hours. The 
assembly passed this test without failure. 

In another vibration test, a window assembly produced for use as a side window in a 
Chrysler minivan utilizing Essex 73100 and 73002 adhesive components, was subjected to a 
vibration frequency of 10-50 hertz at +8 dB for 20 hours while the temperature was varied 
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from -30° C to 80** C. The bonded assembly did not fail. In another vibration test, a similar 
bonded assembly utilizing Essex 73100 and 73002 components, was subjected to a vibration 
frequency of 10-50 hertz at +9 dB for 20 hours. The bonded assembly was exposed to 
temperatures of -40° C and 100° C, The bonded assembly did not fail. In yet another 
vibration test, a similar bonded assembly utilizing Essex 73100 and 73002 components was 
subjected to a vibration frequency of 10-50 hertz at +10 dB for 20 hours. During vibration 
testing, the bonded assembly was subjected to temperatures of -40° C and 100° C. The 
bonded assembly did not fail. 

In yet another vibration test, bonded assemblies were vibrated at room temperature, 
that is about 20° C, for an extended period of time. Each assembly consisted of a clevis 
having a */2 inch diameter circular mounting base bonded to an appropriately primed 2 inches 
X 5 inches glass substrate, with either Essex 57100 and 57002 adhesive or Essex 57302 
adhesive. After formation of the bonded assemblies, they were aged for a period of 5 weeks 
while subjected to thermal cycling in accordance with Ford Motor Co. testing specification 
ESB-M11P33-A Section 3.2.8. 

Vibration testing was performed by inducing a vibratory motion to the glass substrate, 
at frequency of 13 hertz and an amplitude of 0.20 inch, while an 18 pound load was applied 
to the clevis. The bonded assembly was oriented in a vertical position, i.e., glass substrate 
in a vertical position, and the 18 pound weight suspended from the clevis bonded to the 
glass. While in this configuration, the bonded assembly was subjected to the previously 
noted vibration conditions. Testing was conducted until failure occurred or until at least 
100,000 cycles were completed. Table 2 set forth below, illustrates the superior 
performance of the Essex 57100 and 57002 system over tlie Essex 57302 system. All but 
one bonded sample utilizing the most preferred embodiment adhesive successfully withstood 
over 100,000 vibration cycles before the test was stopped. The bonded assemblies 
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employing the Essex 57302 single component, moisture-curable adhesive all failed before 
reaching 30,000 cycles. The failure observed was cohesive failure of the adhesive material 
itself, that is no failure at the bond interface, but instead occurring within the adhesive 
material. 

TABLE 2 



Vibration Testing at Room Temperature * 
Aged Samples - 



10 



15 



20 



Sample # 


Essex 57100 and 57002 
Components 


Essex 
57302 




No. Cycles 


Failure 


No. Cycles 


Failure 


1 


> 101,000 


NF 


liSOO 


coh 


2 


> 111.000 


NF 


14.500 


coh 


3 


66.000 


coh 


10.500 


coh 


4 


> 100.000 


NF 


29.500 


coh 


5 


> 100;0P0 


NF 


27.800 


coh 


6 


>100.106v 


NF 


21.500 


coh 



25 



'Test conditions: load: 18 lbs; frequency: 13 Hz; shearing mode on 2x5 glass plaques; 
NF=No Failure; coh = Cohesive Failure, i.e., failure occurring in adhesive material. 

In another vibration test, similar in all respects to the previously described testing 
summarized in Table 2, bonded assemblies were subjected to testing at 80° C. Testing was 
conducted until failure occurred or until at least 100,000 cycles were completed. Table 3 set 
forth below illustrates the remarkable performance of the most preferred embodiment 
adhesive under high temperature conditions. Only one sample failed, the remaining five 
successfully withstanding over 100,000 cycles. In contrast, the bonded assemblies utilizing 
the Essex 57302 adhesive all failed (cohesive failure of the adhesive material) before 
reaching 21,000 cycles. 
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TABLE 3 

Vibration Testing at 80° C * 
Aged Samples - 



10 



15 



20 



Sample # 


Essex 57100 and 57002 
Components 


Essex 
.57302 




# Cycles 
X 10^ 


Failure 


# Cycles 
X 10^ 


Failure 


1 


> 100.000 


NF 


20.600 


coh 


2 


> 101.000 


NF 


13.100 


coh 


3 


15.000 


coh 


20.600 


coh 


4 


> 101.000 


NF 


7.500 


coh 


5 


> 104.000 


NF 


19.000 


coh 


6 


> 104.000 


NF 


5.700 


coh 



25 



*Test conditions: load: 18 lbs; frequency: 13 Hz; shearing mode on 2x5 glass plaques; 
NF=No Failure; coh = Cohesive Failure, i.e.. failure occurring in adhesive material. 

Environmental Exposure Tests 
Further testing was performed to compare the bond strength of glass to metal bonds 
formed by the preferred embodiment process, with similar glass and metal assemblies bonded 
utilizing the single-component urethane adhesives described in the first series of tests, after 
exposure to various environmental conditions. In all the tests described below, bonded 
samples were prepared and tests performed as in the previously described tensile pull tests. 

Heat age tests were performed by placing samples to be tested in a forced air heating 
chamber having means for controlling the temperature within -f /- 2° C. The bonded 
assemblies, formed from the same adhesives listed in Table 1, were aged for periods of 168 
or 336 hours at 80° C. After aging, the bonded assemblies were subjected to tensile testing. 
In all instances the adhesive according to the most preferred embodiment, i.e., Essex 73100 
and 73002, performed at least as well as or better than the other single-component urethanes. 
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Humidity adhesion testing was performed in which bonded assemblies, formed from 
the same adhesives listed in Table 1, were placed in a chamber at 38° C with an atmosphere 
having a relative humidity of 95% to 100% for various periods of time. Testing was 
performed in accordance with Chrysler test specification LP 463PB-9-01. In all instances the 
adhesive according to the most preferred embodiment, i.e., Essex 73100 and 73002, 
performed at least as well as or better than the single-component urethanes. The most 
preferred embodiment adhesive generally performed better than both Morton Yokohama 
adhesives, WS-70FK and WS-30, in that it exhibited a lower failure rate. 

Environmental cycling tests were performed by exposing the bonded samples to five 
repeated cycles of 16 hours at 80° C, 24 hours at 38° C and relative humidity of 98% to 
100%, and 8 hours at -29° C. The tests were performed in accordance with Chrysler testing 
specification LP 435CB-10-01. In all instances the adhesive according to the most preferred 
embodiment, i.e., Essex 73100 and 73002, performed as well as or better than the 
conventional single-component urethanes. 

Additional testing was performed in which bonded assemblies utilizing Essex 73100 
and 73002, Morton Yokohama WS-70FK, Essex 57302, and Morton Yokohama WS-30 were 
exposed to a teniperature of -30° C for 192 hours. Resistance to acetic acid, salt spray, and 
windshield washer solvent were also tested. In all instances, assemblies formed according to 
the preferred process described herein and utilizing the Essex 73100 and 73002 components, 
performed at least as well as or better than assemblies utilizing the conventional adhesives, 
57302, WS-70FK, and WS-30. 

Stress Tests 

Stress testing of bonded assemblies was performed upon bonded assemblies, each 
utilizing one of the four previously described adhesives, i.e. Essex 73100 and 73002, Morton 
Yokohama WS-70FK, Essex 57302, and Morton Yokohama WS-30, to bond clevis 
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attachments to appropriately primed, untempered glass surfaces. After sufficient curing of 
each assembly, the bonded assembly was visually examined for stress as follows. Each 
bonded assembly was positioned adjacent a source of polarized light, and light directed 
toward the area of glass having the cured adhesive deposited thereon. The region of 
untempered glass surrounding the cured adhesive was visually examuied by use of a 
polarization filter. Stress imparted to the glass would be indicated by stress lines appearing 
in the glass, which are observable by use of the polarization filter. Bonded assemblies 
utilizing Morton Yokohama adhesives and the Essex 57302 adhesive exhibited relatively large 
amounts; of stress imparted to the glass. Surprisingly, the bonded assembly utilizing two- 
component Essex adhesive 73100 and 73002 displayed virtually no stress imparted to the 
glass. 



In another series of tests, lateral shear values were measured for two bonded 
assemblies over the curing period of each adhesive utilized in each assembly. Fig. 10 is a 
graph of lateral shear values just prior to failure of bonds formed between plastic and glass, 
utilizing the Essex 73100 and 73002 two-component system. That graph illustrates that 
bonds capable of withstanding 300 psi shear, result after only 15 minutes of curing. Bonds 
capable of withstanding over 1000 psi shear forces result in only about 30 minutes of total 
cure time. As previously noted, these cure times can be accelerated by the addition of heat 
or chemical agents. This is remarkable and when applied in a high rate manufacturing 
process, is of significant commercial value. In contrast, bonds formed utilizing conventional 
single-component urethanes require much longer cure times. Fig. 11 illustrates shear values 
just prior to failure versus cure time of the Essex 57302 single-component system. In order 
to obtain a bond from that single-component urethane capable of bearing a shear force of 300 
psi, curing must be allowed to occur for 5 hours, which is 20 times longer than the 



Shear vs. Cure Time 
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previously described Essex 73100 and 73002 two-component system. In order to obtain a 
bond capable of withstanding a shear force of 1000 psi, curing of the single-component 
urethane must be allowed to occur for 72 hours, which is 144 times longer than the 
previously described 73100 and 73002 two-component system. 
5 Road Tests 

The previously described window assemblies produced for Chrysler and utilizing the 
Essex 73100 and 73002 two-component system for bonding various attachment members to 
the glass panels of the assemblies, were installed as side windows in Chrysler minivans. The 
vehicles , were then subjected to a battery of road tests and accelerated environmental 
J 10 performance, tests by Chrysler. Installed window assemblies successfully passed Chrysler 
testing. 

The preferred embodinierit bonded assemblies and panel assemblies described herein 
may be incorporated in vehicles such as automobiles, trucks, vans, minivans, and utility 
vehicles; recreational vehicles such as motor homes, campers, and trailers; other vehicles 
~^15 such as buses, trolleys, trains, commuter vehicles, and airplanes; marine vehicles such as 
boats and other watercraft; and nearly any structure utilizing a glass panel or substrate for 
which there exists a need to securely adhere other components to, or to securely affix one or 
more glass panels thereto. Such window panel assemblies are especially useful in a variety 
of vehicles and especially for large area windows, and particularly for large area flush- 
20 mounted glazings, such as are used as front, rear, and side windows, and as sunroofs, in 

automobiles, minivans, vans, trucks, and buses and which utilize a window panel that weighs 
at least about 3 kilograms (with a window panel weight of at least 5 kilograms common for 
front and rear windows, and for side windows on minivans and larger vehicles) and with a 
window panel area of at least about 250 square inches. 
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It is contemplated that the adhesives described herein could be used to form an 
architectural window assembly comprising a frame containing one or more glass panels 
bonded to the frame by an effective amount of the adhesive, as described herein. In the 
preferred embodiment, the frame is formed from steel or other comparable metal. The 
5 frame may contain a plurality of glass panels to form a multi-pane architectural window. 

Each glass panel is bonded to the frame by an effective amount of adhesive, which preferably 
is the rapid set, rapid cure, two-component urethane adhesives described herein. 
Alternatively, or in addition, each glass panel may be bonded to a mounting rail disposed on 
p the frame or other substrate by a layer of adhesive. It is further contemplated that the 

rJlO adhesives described herein could be utilized to form an architectural window assembly that 
^ does not require a frame. In this embodiment, two or more glass panels are separated by a 

spacer member disposed between the panels and generally along the perimeter of the panels. 
M= An effective amount of the previously despribed adhesive is used to bond each panel to the 

H spacer to form the window assembly. In these architectural window assemblies, it is 

'"0 15 preferred that all condensable gases, e.g., water vapor, in the region between the panels are 
evacuated, or one or more inert gases injected therein to displace such gases, so that 
condensation does not occur in that region, 

It is contemplated that the bonded asseniblies described herein will find widespread 
application in vehicle window assemblies; architectural and residential window assemblies; 
20 home and industrial appliances including, but not limited to, washing machines, dryers, 
ovens, stoves, and refrigerators; and in furniture utilizing bonded glass construction. 
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Of course, it is understood that the foregoing are merely preferred embodiments of 
the invention and that various changes and alterations can be made without departing from 
the spirit and broader aspects thereof as set forth in the appended claims, which are to be 
interpreted in accordance with the principals of patent law including the Doctrine of 
Equivalents. 
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